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Abstract. The little fire ant, Wasmannia auropunctata (Roger) (Hymenoptera: 
Formicidae), a highly successful, destructive invasive ant, is potentially the great- 
est ant species threat to the Pacific region. Once established, W. auropunctata is 
extremely difficult to control. This study was conducted to observe the effects of 
ant baits containing insect growth regulators (IGR) on W. auropunctata colonies 
during a five-month observation period. Baits containing both methoprene and 
hydramethylnon achieved 100% mortality by six weeks after treatment, possibly 
because of the metabolic inhibitor, hydramethylnon, rather than the IGR, metho- 
prene. The IGR pyriproxyfen-exposed queens were unable to produce worker brood 
or replacements at 20 weeks after treatment. In methoprene-treated colonies three 
distinct effects on queen fecundity were observed with either continued or cessa- 
tion of production of viable worker brood and worker replacements, or production 
of sexual brood exclusively. With its consistent interference with production of 
replacement workers and viable sexual brood as compared to methoprene, pyri- 
proxyfen shows potential to be an effective IGR for controlling W. auropunctata. 
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Native to South America, the little fire 
ant, Wasmannia auropunctata (Roger) 
(Hymenoptera: Formicidae), has contin- 
ued to expand its range throughout the 
subtropical regions of the world, including 
the Pacific (Vanderwoude 2008, Hara et 
al. 2011, Tindo et al. 2012, Wetterer 2013). 
W. auropunctata was first detected in the 
state of Hawaii in 1999 on the island of 
Hawaii. Despite containment efforts, it has 
spread throughout the east side of Hawaii 
island from sea level to as high as 457 m 
(Conant and Hirayama 2000, Hawaii Ant 
Group 2010). The little fire ant has also 
been detected in the Kona district on the 
west side of Hawaii island (Hara et al. 
2011), on the islands of Kauai and Maui, 


and most recently on the island of Oahu 
(Hawaii Department of Agriculture 2013). 

Many commercial products used to 
control red imported fire ants and little 
fire ants employ bait toxicants, insect 
growth regulators or a combination toxi- 
cant/growth regulator (Vander Meer et al. 
1982, Vail and Williams 1995, Souza et al. 
2008). Baits are commonly available in 
a granular form, which are effective for 
ground-level control of little fire ants, but 
are not effective in controlling arboreal 
nests. The toxicant, hydramethylnon, is a 
mitochondrial complex III electron trans- 
port inhibitor that blocks ATP production. 
Insect growth regulators methoprene and 
pyriproxyfen, juvenile hormone (JH) 
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mimics, prevent successful molting from 
larval to adult stages, and cause abnormal 
caste shifts. Each of these three active 
ingredients have resulted in colony death 
in laboratory and field studies with red 
imported fire ants, Solenopsis invicta 
Buren, and Pharaoh ants, Monomorium 
pharaonis L. (Williams 1983, Banks and 
Lofgren 1991, Vail and Williams 1995, Oi 
and Oi 2006). Hydramethylnon, found in 
products such as Amdro®, Max Force® 
Complete and Probait®, is attractive to 
W. auropunctata under field conditions 
(Williams and Whelan 1992, Hara et al 
2014) and resulted in colony collapse dur- 
ing bioassays (A. Hara, unpublished data). 
However, it decomposes rapidly after 12 
hours of UV exposure or high moisture 
(Vander Meer et al. 1982, Souza et al. 
2008), which compromises its efficacy 
under tropical conditions. 

Red imported fire ants exposed to insect 
growth regulators have exhibited several 
responses prior to colony collapse, includ- 
ing: 1) sudden decreases in egg produc- 
tion, 2) shifts in colony composition from 
worker brood to sexual brood, 3) disrupted 
development in larvae or pupae, 4) abnor- 
mal changes in color and wing formation 
in emerging alates, or 5) queens able to 
metabolize and/or excrete insect growth 
regulators to fully recover from exposure 
(Wendel and Vinson 1978, Banks and 
Lofgren 1991, Banks et al. 1983). The 
effects of pyriproxyfen observed within 
IGR-exposed colonies of Pheidole mega- 
cephala (Fabricius) and M. pharaonis 
also resulted in a gradual reduction of 
eggs, increased mortality among larvae 
and pupae, reduction in workers due to 
attrition and lack of replacement ants, 
abnormal ovaries in queens, and caste 
shifts (Glancey et al. 1990, Reimer et al. 
1991, Vail and Williams 1995, Tay and 
Lee 2014). The purpose of this study was 
to observe the responses of W. auropunc- 
tata queens, workers and brood to baits 
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containing a mixture of hydramethylnon 
and methoprene, pyriproxyfen formulated 
with soybean oil on corn grit, and metho- 
prene formulated in a gel matrix. 


Materials and Methods 

This study was conducted in a screened 
insectary at the University of Hawaii at 
Hilo, College of Agriculture, Forestry 
and Natural Resource Management in- 
structional farm near Hilo (19°39°08” N, 
155°02’54” W), Hawaii, at 75.6 m above 
sea level. The annual rainfall is 330 cm, 
and temperature range is 18.3 to 26.7°C. 

To house W. auropunctata test colonies, 
the internal walls of plastic storage boxes 
(35 cm L x 20 cm W x 13 cm H, Sterilite 
Corporation, Townsend, MA) were coated 
with a 1:7 fluon:water solution of Insect- 
A-Slip (BioQuip Products, Inc., Rancho 
Domingo, CA), and a 0.5 cm wide barrier 
of insect trapping adhesive, Tangle Trap 
(The Tanglefoot Company, Grand Rapids, 
MI) was applied along the uppermost inner 
rim to prevent ant entry or exit. Each colony 
box was fitted with a plastic lid modified 
with an organza screen insert to prevent 
additional egress while maintaining air 
circulation. A nesting cell, consisting of a 
polystyrene petri dish (60 mm D x 15 mm 
H) with a painted black lid containing a 
round cotton pad (5.5 cm D, Swippers, 
US Cotton, Gastonia, NC) moistened with 
tap water to maintain humidity, was situ- 
ated at one end of the colony box. Once a 
week ants were provided approximately 1 
g peanut butter, soybean oil (2 ml) infused 
on a dental cotton roll (lcm D x 4 cm H, 
Richmond Dental Co., Charlotte, NC), one 
to three early instar grasshoppers (each lcm 
in length), and 20 ml sugar water (10% w/v). 

Eight weeks before the trial, sexual 
pupae of W. auropunctata were col- 
lected from a heavily infested forested 
area (19°49°04”N, 155°06°18”W; 157.9 
m above sea level, annual rainfall 301 
cm, temperature range 13.9 to 30.6°C) 
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previously unexposed to ant baits. Queens 
and males that emerged were allowed to 
mate for at least two weeks to produce 
worker brood that would subsequently 
be included in colony boxes. Two weeks 
before the trial, W. auropunctata workers 
were collected from a forestry plot at the 
farm site, transferred into prepared plastic 
colony boxes and allowed to acclimate. 
One week before the trial, a single queen, 
ranging in age from 1.5 to 2.5 months 
old, was transferred into each of the 24 
prepared colony boxes, which contained 
an average of 272 workers (range 254 
to 286) and approximately 0.010 g of 
worker brood, containing approximately 
63 larvae and pupae, based on the weights 
and mixed brood counts of four randomly 
selected pretreatment samples. Since W. 
auropunctata are unicolonial ants, living 
in interlinked populations, workers and 
queens often move freely from one site to 
another with little to no intra-specific com- 
petition (Le Breton et al. 2004, Foucaud et 
al. 2009) which allowed the mixing of ants 
from different nesting sites for the purpose 
of this study. Colonies were housed in a 
screened insectary with natural sunlight. 
During the trial, the average temperature 
was 23.7°C (range 17.2 to 32.1°C) and the 
average relative humidity was 81.20% 
(range 40.4 to 98.6% R.H.) (HOBO Model 
H8, Onset Computer Corporation, Bourne, 
MA). 

Treatments consisted of the following 
ant baits: Distance® (0.50% pyriproxyfen 
in a soybean infused corn grit; Valent, 
Walnut Creek, CA), laboratory formu- 
lated gel matrix (Hawaii Ant Lab, 2016) 
containing Tango® (0.50% S-methoprene 
Wellmark International, Schaumberg, IL); 
Extinguish® Plus Fire Ant Bait (0.25% 
S-methoprene and 0.365% hydrameth- 
ylnon in a soybean oil infused corn grit; 
Wellmark International, Schaumberg, 
IL), and a control of peanut butter (Great 
Value Creamy Peanut Butter, Wal-Mart 


Stores, Inc., Bentonville, AR).Treatments, 
replicated six times, were arranged in a 
completely randomized design. 

At the beginning of the trial, food was 
removed for three days preceding expo- 
sure to the bait treatments. Baits (1.2 mL) 
were measured onto plastic disks (30 mm 
D x 5 mm H) and placed in the colonies for 
24 h. Thereafter, food was reintroduced 
and replenished weekly, while the origi- 
nally placed bait treatments remained in 
the colonies throughout the trial and were 
not replenished. Water was available at all 
times, including during the fasting and bait 
exposure periods. 

Digital photographs of the colonies, 
using a macro lens (Canon Power Shot 
95), documented ant response at 1, 2, 3, 
and 4 hours after treatment, at 1, 2, 3, 
4, 7,9, and 11 days after treatment, then 
every two weeks from 2 to 20 weeks af- 
ter treatment (WAT). Changes in colony 
composition were based on the number of 
worker larvae, pupae and adults counted 
in the laboratory from these photographs, 
which were enlarged on computer moni- 
tors (30 X magnification). Dead workers 
were removed after each observation using 
the tips of moistened cotton swabs, and 
total population counts were based on 
cumulative dead and live counts. 

Percent mortality of adult workers 
for each bait treatment was corrected 
using Abbott’s Formula, and arcsine 
transformed, and counts of live worker 
brood and adults were transformed using 
Log,, (x + 1) prior to statistical analysis 
using ANOVA (P < 0.05) and Tukey’s 
Test (Minitab 16, Minitab Inc., State Col- 
lege, Pennsylvania). Analyses for worker 
mortality and live adult worker counts 
were conducted for observations taken 
every two weeks from 0 to 20 WAT, and 
for live worker brood counts taken every 
two weeks from 6 to 20 WAT. Back-trans- 
formed means and standard errors are 
presented in figures and tables. Numeri- 
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cal data for sexual brood and alates were 
too low to provide variation for statistical 
analyses. 


Results 

Means of the number of worker brood in 
LFA colonies for each treatment are pre- 
sented in Table 1 for selected observation 
periods because there were no significant 
differences in number of worker brood 
from 6 to 20 WAT in colonies exposed to 
Tango (F=0.09; P=0.99), or in untreated 
colonies (F = 0.94; P=0.49) (Table 1). 
Among Distance-treated colonies, worker 
brood counts declined significantly only 
from 6 to 20 WAT (F = 2.49; P <0.05). 
At 6 WAT, numbers of worker brood 
were higher among control colonies as 
compared to IGR-exposed colonies (F = 
4.24; P = 0.05), and this trend remained 
consistent for the duration of the trial. 

Means of the number of adult workers in 
LFA colonies for each treatment are pre- 
sented in Table 2 for selected observation 
periods because there were no significant 
differences in numbers of workers from 
0 to 20 WAT in lab colonies exposed to 
Tango (F = 0.77; P = 0.655). Number of 
workers declined significantly only after 16 
WAT among Distance-exposed colonies (F 
= 9.40; P <0.01), and after 14 WAT among 
untreated colonies (F=6.99; P < 0.01). 

At two and four WAT, worker mortality 
(Fig. 1) in colonies exposed to the bait con- 
taining methoprene and hydramethylnon 
(Extinguish Plus) exceeded 90% and was 
significantly higher than percent mortal- 
ity in the colonies exposed to baits with 
IGRs only (F = 117.4.00; P < 0.01 at two 
weeks; F=166.4; P<0.01 at four weeks). By 
6 WAT 100% mortality was achieved in 
Extinguish Plus-exposed colonies as com- 
pared to <25% mortality among control 
colonies (F = 4.60; P < 0.05). There was 
no significant difference in worker mor- 
tality between control colonies and those 
exposed to either methoprene (Tango gel) 
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or pyriproxyfen (Distance) during the first 
five weeks after treatment. Although both 
IGR treatments achieved 50% mortality at 
12 weeks as compared to 25% mortality 
among controls (F = 14.33; P < 0.001), 
neither treatment attained 100% mortality 
within the 20-week observation period. 

Control colonies did not produce sexual 
brood; no queens died within the untreated 
colonies during the 20-week observation 
period. A distinct change occurred at six 
weeks among the IGR-exposed colonies 
when sexual brood and abnormal alates 
first appeared (Fig. 2). From six weeks 
on, none of the worker larvae or pupae 
in IGR-treated colonies successfully de- 
veloped; subsequently, by 12 WAT there 
were half as many adult workers as 
compared to the control colonies (F = 
6.50; P < 0.01) (Table 2). Sexual brood 
and emerging alates gradually declined 
between 14 to 20 WAT. In 80% of the 
colonies exposed to pyriproxyfen, sexual 
brood failed to develop beyond the pupal 
stage; however, two abnormally colored 
alates with malformed wings did emerge 
at 12 WAT but did not survive beyond 16 
WAT (Fig. 2). In colonies exposed to me- 
thoprene, however, three distinct effects 
on queen fecundity were observed: 1) a 
continued production of viable worker 
brood and worker replacements similar 
to control colonies (33%), 2) cessation of 
viable worker brood production (33%), or 
3) production of sexual brood exclusively 
(33%). By 10 weeks 67% of methoprene- 
exposed colonies contained sexual pupae, 
most of which failed to develop. Alates did 
emerge from one colony at 14 weeks (Fig. 
2), and as observed in the pyriproxyfen- 
exposed colonies, the affected alates were 
abnormally colored yellow instead of dark 
brown. Four alates survived until 20 WAT. 
Neither the queen nor these abnormal 
alates within methoprene-exposed colo- 
nies produced brood during the last six 
weeks of observations. 
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Figure 1. Mean worker mortality* (%) in Wasmannia auropunctata colonies after 


IGR-bait exposure over time. 
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*Back-transformed means and SE presented are corrected for control (untreated) mortality. Means 
at two and four weeks after treatment exposure followed by a different letter are statistically 
different ((P < 0.01, ANOVA and Tukey’s Test). Extinguish Plus was not included in analyses 


after six weeks due to 100% mortality. 


Discussion 

W. auropunctata responses to hydra- 
methylnon, methoprene and pyriproxy- 
fen were similar to Solenopsis sp. and 
Monomorium sp. responses (Williams 
1983, Banks and Lofgren 1991, Vail and 
Williams 1995, Oi and Oi 2006). Based 
on the laboratory observations of W. au- 
ropunctata by Ulloa-Chacon and Cherix 
(1990), a little fire ant queen’s egg produc- 
tion, and subsequent brood development, 
can be expected to continuously increase 
with age up to five to six months, then 
taper off by ten to twelve months old. A 
similar pattern was expected to occur as 
early as 10 weeks into this trial, based on 
initial queen ages. In the control colonies, 


there was no mortality among queens nor 
was there production of sexual brood, and 
worker brood counts gradually increased, 
peaked at 16 weeks and began tapering by 
18 weeks (Table 1), which followed the 
expected pattern of reproduction. Worker 
brood counts within colonies exposed to 
pyriproxyfen steadily declined over time 
while counts within methoprene-exposed 
colonies were inconsistent. Based on ant 
size, insectary temperatures, and data 
from similar species (Calabi and Porter 
1989, Hdlldobler and Wilson 1990), es- 
timated little fire ant worker longevity 
was predicted to be approximately three 
months. Because the age of field-collected 
worker ants at the start of this trial could 
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Figure 2. Number* of sexual brood and abnormal alates produced within Wasmannia 
auropunctata colonies after exposure to baits containing IGRs. 
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“Numerical data for sexual brood and alates were too low to provide variation for statistical 
analyses. Control colonies did not produce sexual brood. 


not be determined, initial reduction in 
worker population among all treatments 
during the first 12 weeks could be attrib- 
uted to natural attrition (Fig. 1). 

In colonies exposed to Extinguish Plus, 
which is comprised of a mixture of corn 
grit particles infused with the soybean 
oil and hydramethylnon or methoprene, 
high adult worker mortality was achieved 
at two weeks, with mortality of queens 
in all reps and complete colony collapse 
by six weeks, most likely resulting from 
exposure to hydramethylnon rather than 
methoprene based on their respective 
modes of action and response times. 
Hydramethylnon causes mortality within 
several days of intake (Lum 2004, Oi and 
Oi 2006), whereas mortality caused by 
methoprene has been reported to take at 
least eight weeks for S. invicta (Vinson 
and Robeau 1974) and nine weeks among 
Linepithema humile (Mayr) (Greenberg et 
al. 2013) laboratory colonies. Extinguish 
Plus is not comprised of corn grit granules 
homogenously infused with both active 
ingredients, but rather hydramethylnon 


and methoprene are infused on separate 
corn grit granules that are then mixed 
to formulate the bait product (personal 
communication, Wellmark International). 
Effects of methoprene were not observed 
on worker brood levels prior to colony 
collapse either due to avoidance of grit 
particles specifically infused with metho- 
prene (over those specifically infused with 
hydramethylnon) by foraging workers or 
the delayed action of the IGR. 

Since the juvenile hormone mimics 
methoprene and pyriproxyfen do not 
affect sterile adults, worker mortality 
within IGR-treated colonies, as expected, 
was minimal during the first six to eight 
weeks. Additionally, because the queens 
were 1.5 to 2.5 months old at the start of 
the trial, expected egg production should 
have approached peak production during 
this time period. Instead, colony composi- 
tion shifted between eight to twelve weeks 
as worker brood failed to develop into 
replacements, either due to IGR interrup- 
tion of normal larval development or the 
queen’s inability to produce viable eggs 
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resulting from IGR-induced sterilization. 
Ulloa-Chacon and Cherix (1990) observed 
alate production only when W. auropunc- 
tata queens’ fecundity fell within the 
range of | to 10 eggs per day. 

Responses to methoprene. Reduced 
amounts of worker brood, presence of 
sexual brood and emergence of abnormally 
formed and discolored alates in metho- 
prene-exposed colonies may indicate that 
queen sterilization was occurring (Fig. 2) 
in two-thirds of the colonies, and the queen 
in one colony exposed to Tango died at 13 
WAT. Since one-third of colonies exposed 
to the methoprene gel bait resembled con- 
trol colonies at twenty weeks, inadequate 
doses of methoprene may have reached 
the queens or the IGR may have been 
metabolized and excreted, as observed 
in other methoprene trials involving S. 
invicta (Wendel and Vinson 1978, Bigley 
and Vinson 1979, Banks et al 1983). Similar 
variations in queen responses to IGRs were 
also reported by Wendel and Vinson (1978) 
and Banks and Lofgren (1991). Multiple 
exposures may be needed to adequately 
ascertain efficacy of methoprene against W. 
auropunctata. The anomaly of a shift from 
production of workers to sexual brood, and 
subsequent emergence of abnormal alates, 
has been documented in S. invicta at four to 
eight weeks after exposure to IGRs (Troisi 
and Riddiford 1974, Vinson and Robeau 
1974, Banks et al. 1983). 

Methoprene in the Tango gel formula- 
tion is advantageous for its ease of appli- 
cation to arboreal nests in tree canopies 
as well as its registered use in food crops. 
When offered in field preference tests, 
Tango formulated with peanut butter was 
more attractive to W. auropunctata than 
Extinguish® Professional, which has the 
same concentration of methoprene (0.5%) 
on a corn grit matrix, but appeared less 
attractive than Extinguish Plus with half 
the concentration of methoprene (0.25%) 
along with 0.365% hydramethylnon on a 
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corn grit matrix (A. Hara, unpublished 
data). Alternate formulations with liver 
powder or torula yeast as an attractant 
or feeding stimulant may result in higher 
worker recruitment to Tango bait (Mont- 
gomery et al. 2015, Hawaii Ant Lab 2016). 

Responses to pyriproxyfen. The ef- 
fects of pyriproxyfen observed within 
IGR-exposed colonies of Pheidole mega- 
cephala, Solenopsis invicta, and Mono- 
morium pharaonis resulted in the gradual 
reduction of eggs, increased mortality 
among larvae and pupae, reduction in 
workers due to attrition and lack of re- 
placement ants, abnormal ovaries, and 
shifts in castes (Glancey et al. 1990, Re- 
imer et al. 1991, Vail and Williams 1995, 
Tay and Lee 2014). Similar effects were 
observed among W. auropunctata in this 
trial. The queen in one Distance-exposed 
colony died at 11 DAT and was replaced; 
among the other colonies, pyriproxyfen 
consistently interfered with production 
of replacement workers and viable sexual 
brood as compared to methoprene and, 
therefore, shows a greater potential as an 
effective means of controlling W. auro- 
punctata in a baiting system. 

In field preference tests where foraging 
W. auropunctata workers were presented 
with several corn grit-based baits, pyri- 
proxyfen (Distance) was somewhat more 
attractive than methoprene (Extinguish 
Professional), but was less attractive than 
other baits containing hydramethylnon 
(Amdro Pro, Extinguish Plus) (A. Hara, 
unpublished data). 


Conclusion 

Extinguish Plus, containing both me- 
thoprene and hydramethylnon, was suf- 
ficiently distributed by workers within the 
treated colonies to achieve 100% mortality 
between four and six WAT, probably due 
primarily to the effects of the metabolic 
inhibitor, hydramethylnon, rather than 
the slower-acting insect growth regulator, 
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methoprene. The queens’ responses to bait 
with methoprene alone (Tango) ranged 
from no effect on fecundity to complete 
cessation of viable worker brood produc- 
tion, or an abnormal shift in production of 
sexual brood exclusively. In comparison, 
the pyriproxyfen bait (Distance) consis- 
tently interfered with the queens’ ability 
to produce replacement workers and viable 
sexual brood, and since it is possibly less 
repellent to foraging workers, it holds 
great potential as an effective means of 
controlling LFA in a baiting system. Ad- 
ditional laboratory and field testing of 
pyriproxyfen and methoprene in modi- 
fied carriers, especially in products for 
arboreal applications, may enhance the 
efficacy of IGRs against W. auropunctata. 
Such products can complement the use 
of hydramethylnon baits, which although 
effective against W. auropunctata, de- 
compose rapidly under conditions of high 
moisture or UV exposure. 
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